Background: This study tests the biosocial interaction hypothesis that birth complications when combined with early maternal rejection of the infant predispose to adult violent crime.
Results: A significant interaction (P<.0001) between birth complications and early maternal rejection indicated that those who suffered both birth complications and early child rejection were most likely to become violent offenders in adulthood. While only 4.5% of the sub-jects had both risk factors, this small group accounted for 18% of all violent crimes. The effect was specific to violence and was not observed for nonviolent criminal offending.
Conclusions: To our knowledge, this is the first study to show that birth complications in combination with early child rejection predispose to violent crime. The findings illustrate the critical importance of integrating biological with social measures to fully understand how violence develops and also suggest that prenatal, perinatal, and early postnatal health care interventions could significantly reduce violence.
(Arch Gen Psychiatry. 1994;51:984-988) The recent report on understanding and pre¬ venting violence from the National Research Coun¬ cil suggests that birth complications may predispose to vio¬ lence,1(pp364' 365) but empirical support for this link is currently very limited. While several studies have indicated that peri¬ natal factors are linked to later antiso¬ cial and criminal behavior,2 7 not all studies have confirmed this relation¬ ship.8
There are four limitations to these important but initial studies that may help explain conflicting findings. First, samples tend not to have been represen¬ tative of the general population. Second, it is unclear whether the effect is spe¬ cific to violence or can be observed for nonviolent crime or repeated criminal offending; most previous research has found it difficult to isolate specific cor¬ relates of violent crime as opposed to correlates of criminal behavior in gen¬ eral.1(p359) Third, and most important, previous studies have not considered the possibility that birth complications may additionally require a negative early psychosocial environment to result in the specific outcome of violent behavior in adulthood. Research on school performance, for example, has indicated that the combination of birth complications and a negative family environment is associated with poor school performance.9 While the interac¬ tion between biological and environ¬ mental variables is commonly believed to be important in explaining violent behavior,1·3·10·11 there is surprisingly little hard empirical evidence to support such a view.1(pl02) Fourth, previous stud¬ ies have not assessed the potential importance of early child rejection in predisposing to violence. Maternal rejection of the infant and disruption to the mother-infant bond, in conjunction with a biological predisposition to vio¬ lence, could prove critical in disrupting interpersonal development and prédis-METHODS SUBJECTS Male subjects (N=4269) were drawn from a total cohort of 9125 consecutive births of males and females that took place in the maternity department of the State University Hospital (Rigshospitalet) in Copenhagen, Denmark, between Septem¬ ber 1959 and December 1961. All live deliveries of over 20 weeks' gestation were included. Informed consent for hu¬ man investigation was obtained from the parents. Further de¬ tails of the birth cohort used in this study have been re¬ ported elsewhere. 12 Only data from males were analyzed because the very low rates of criminal violence in females (0.3%) precluded meaningful statistical analyses.
BIRTH COMPLICATIONS
Birth complications and conditions were recorded at the time of delivery by an obstetrician assisted by a midwife. This study uses a frequency birth complications score developed through the collaboration of American and Danish obstetricians and pediatrie neurologists.1314 Examples of delivery complica¬ tions on this scale include forceps extraction, breech deliv¬ ery, umbilical cord prolapse, preeclampsia, and long birth du¬ ration. For analysis purposes, the subjects were divided into two groups: those with no delivery complications and those with one or more complications.
EARLY CHILD REJECTION AND SOCIAL CIRCUMSTANCE MEASURES Demographic, family, and psychosocial variables were col¬ lected during pregnancy and when the child was 1 year old. Variables collected during pregnancy relevant to our analy¬ ses include whether the pregnancy was wanted or un¬ wanted, the mother's attempts to abort the fetus, and the mother's age. Year 1 follow-up interview variables in¬ cluded home conditions, marital status, and placement of infant for care into a full-time public institution for more than 4 months of the first year. The socioeconomic status of the family (based on educational and occupational lev¬ els) was obtained at 1 year from the Danish Central Per¬ sons' Register.
A factor analysis using principal component analysis followed by a varimax rotation produced two factors with eigenvalues greater than 1. The two factors were defined as follows (factor loadings in parentheses): factor 1, "poor social circumstances": unmarried mother (.71); low so-cioeconomic status (.67); poor home conditions (.65); young maternal age (.64); unwanted pregnancy (.59); and factor 2, "early child rejection": public institutional care of in¬ fant (.68); attempt to abort fetus (.65); unwanted preg¬ nancy (.44).
Having an unwanted pregnancy was the only mea¬ sure common to both factors, but this variable was asso¬ ciated with two different psychosocial patterns. In factor 2, this lack of planning was coupled with a more "reject¬ ing" pattern of behavior as indicated by the fact that the mother had attempted to abort her pregnancy, followed af¬ ter birth by the child being sent to an institution for at least 4 months in the first year. Conversely, in factor 1, the un¬ wanted pregnancy was not linked to these variables but in¬ stead was linked to poor family and social circumstances, including low social class, paternal absence, poor home con¬ ditions, and young maternal age. Consequently, factor 1 was tentatively labeled "poor social circumstances" while factor 2 was labeled "early child rejection."
Data were complete on all variables in this study with the exception that socioeconomic status information was missing for 653 subjects. In the results reported below, the data were analyzed in two ways: (1) using the reduced sample of 3616 and (2) using the entire sample of 4269. In analyses of the entire sample, the early maternal rejec¬ tion factor was recomputed with the loading of social class (which did not load significantly on this factor) omitted. VIOLENT The study reported herein attempts to overcome some problems associated with previous studies to bet¬ ter test the biosocial interaction hypothesis that birth com¬ plications interact with negative early psychosocial en¬ vironment in predisposing to adult violent offending. In particular, the possibility that early child rejection may be a specific and important aspect of a negative psychosocial environment in predisposing to violence was tested. Specificity to violent as opposed to nonviolent crime was also assessed.
RESULTS

VIOLENT OFFENDERS VS NONCRIMINALS
A logistic regression analysis indicated a highly signifi¬ cant interaction between delivery complications and early child rejection in predicting violence ( 2 [df=I, N=3175]=10.4, P-C002) and indicated that those who experienced both birth complications and early child rejection were most likely to become violent. To exemplify this relationship diagrammatically, rates of Illustration of the significant interaction (P<.0001) observed between birth complications and early maternal rejection at age 1 year in predicting outcome for criminal violence at age 18 years. violence were calculated for those subjects who had both risk factors, ie, birth complications and severe maternal rejection (defined by mothers' negative atti¬ tude to pregnancy and either attempted abortion or insti tu tionalization). Rates of violence for this group were compared with three other comparison groups:
(1) those with neither risk factor, (2) those with severe maternal rejection only, and (3) those with birth complications only. Results of these analyses are shown in the Figure. Using this more severe criterion of maternal rejection, the interaction was again signifi¬ cant ( 2 [d/=l, N=3175] = 14.4, P<.0001).
The interaction was specific to early maternal rejection in that no such interaction was observed between poor social circumstances and birth compli¬ cations (P>.66). As 
Controlling for Recidivism
The interaction between birth complicaüons and early child rejection in predisposing to violence cannot be accounted for by the fact that violent offenders commit more crime in general than nonviolent criminals. When violent offend¬ ers were compared with nonviolent offenders, the inter¬ action between birth complications and early child rejec¬ tion in predisposing to violent crime remained significant and in the predicted direction when the total number of crimes was entered as a covariate ( 2 [ 
COMMENT
To our knowledge, this is the first study to provide evi¬ dence from a large birth cohort to show that birth com¬ plications in combination with a negative psychosocial environment (specifically early child rejection) are as¬ sociated with violent crime in early adulthood. In con¬ trast, the very few previous biosocial studies have nei¬ ther shown specificity for violence nor highlighted the specific importance of early child rejection.9·14 The in¬ teraction between biological and social predispositions appears to be critically important in understanding vio¬ lent offending1718 because possession of only one risk fac¬ tor (ie, birth complications alone or early child rejec¬ tion alone) was not associated with increased rates of violence. This interaction effect was found to be specific to violent crime and not crime in general, whereas most previous biological research has not obtained specific¬ ity for violent crime per se.1(p359)
The fact that birth complications combined with child rejection but not the more general factor of poor social circumstances in predisposing to violence helps establish a more specific biosocial pathway toward vio¬ lent crime. Poor social circumstances such as low social class and poor home conditions have been found to be general, weak correlates of violent and nonviolent crime, whereas there is some evidence that variables related to child rejection such as child neglect, lack of maternal warmth, and separation from parents may be more spe-cific predispositions toward violent crime in particu¬ lar.19"21 Disruption to the mother-infant bonding pro¬ cesses due to institutionalization has been associated with affectionless psychopathic criminal behavior.22·23 Poor early bonding may therefore lead to more callous, affec¬ tionless, unempathic interpersonal relationships that in turn may increase the likelihood of violent interper¬ sonal behavior, particularly when combined with a preexisiting biological predisposition to violence.
It is not known precisely how birth complications predispose to violence, but it is possible that such com¬ plications result in brain dysfunction and associated neu¬ rological and neuropsychological deficits that in turn di¬ rectly and indirectly predispose to violence.3·24"26 For example, birth complications could lead to cognitive defi¬ cits that in turn lead to school failure, occupational fail¬ ure, and ultimately violence. Similarly, birth complica¬ tions may contribute to neuropsychiatrie deficits and lack of self-control, resulting in explosive, impulsive aggres¬ sion.7 The effects of any such brain dysfunction may in turn be exacerbated by a negative early psychosocial en¬ vironment.3·9 While prospective longitudinal studies can help tease out causality by establishing temporal ordering of vari¬ ables, they cannot establish causality per se, and several causal pathways are feasible other than the one de¬ scribed above. Specifically, it is possible that a third fac¬ tor underlies the link between birth complications/ parental rejection and violence. For example, it is conceivable that there are genetic predispositions to birth complications, negative parenting, and violence and that genetic factors underlie the observed relationships.
It could be argued that birth complications and ma¬ ternal rejection are not independent events. Specifi¬ cally, children with birth complications might be more likely to be rejected by their mothers. This scenario seems unlikely, however, for two reasons. First, two of the three variables making up the construct of early child rejec¬ tion precede birth in time (unwanted pregnancy, at¬ tempts to abort fetus) rather than postdating birth com¬ plications. Second, birth complications and early child rejection were not positively correlated in this sample (t= - .029), indicating that these constructs reflect pro¬ cesses that are largely independent.
We would caution against the overgeneralization of our findings to other populations at this stage and em¬ phasize the need for replication of our findings in the United States. Denmark is a relatively homogeneous so¬ ciety and future studies are needed to confirm this biosocial interaction in countries such as the United States with its higher rates of violent crime. Such homogeneity in Denmark may, however, reduce the amount of vari¬ ance in violence and attenuate our findings; as such, it is anticipated that similar findings to those observed in Denmark might be expected in a future replication study in the United States. We also would caution that these findings do not demonstrate causal links between birth complications/early child rejection and later violence, al¬ though the prospective, longitudinal nature of the study helps to provide some support for such an interpreta¬ tion. Furthermore, it is recognized that birth complica¬ tions and early child rejection are only two of many risk factors for violence, which also include learning defi¬ cits,27 parental criminality,28 low serotonin levels,29 pa¬ rental absence,21,30 neuropsychological deficits,24·31·32 poor parental supervision,33,34 child abuse,20,32 low arousal,16 poor affective relationships,33·36 and parental criminal¬ ity.37
Results of this study raise two important questions with respect to efforts to reduce rates of violence that fo¬ cus on biological and psychosocial risk factors. The first question concerns whether interventions aimed at pro¬ viding better antenatal health care to underserved popu¬ lations could have an effect in reducing rates of vio¬ lence. The recent National Research Council report on understanding and preventing violence recommended that serious consideration be given to conducting such in¬ terventions to reduce perinatal complications,Upp383"384) although this recommendation was based on limited em¬ pirical data. In the present study, we found that al¬ though only 4.5% of population had both birth compli¬ cations and early child rejection, this small group accounted for 18% of all violent crimes perpetrated by the entire sample of 4269. Assuming early interventions could successfully reduce birth complications and the link between birth complications and violence is causal, these findings suggest that such interventions could conceiv¬ ably reduce violence in the next generation by as much as 18%. The current findings lend some support for the consideration of initial perinatal intervention research studies to test whether the link between birth complica¬ tions/early child rejection and violence is causal.
The second question concerns whether changing the psychosocial environment can help reduce violence in society. Very little is known regarding what factors pro¬ tect a biologically predisposed individual from becom¬ ing violent. The finding that birth complications do not predispose to violence when combined with a nonrejecting early home environment (Figure) is of potential im¬ portance because it suggests that a good psychosocial home environment can protect against the otherwise nega¬ tive effects of birth complications. This is consistent with previous findings that good parental care and the oppor¬ tunity to bond with a caregiver in the first year of life can reduce the deleterious cognitive and behavioral effects of birth complications.2·9 Psychosocial interventions aimed at increasing caregiving skills to parents may conceiv¬ ably help suppress this biological predisposition to later adult violence.
